We revisit the problems of dark energy and dark matter and several models designed to explain them, in the light of some latest findings.
Introduction
The author in 1997 proposed a dark energy driven accelerating universe with a small cosmological constant, viz.,
where H is the Hubble constant [1] . At that time, the ruling paradigm was exactly opposite namely a universe dominated by dark matter, which was decelerating. In 1998, the observations of Perlmutter and others on distant type Ia supernovae confirmed the above scenario -this work was infact the Breakthrough of the Year 1998 of the American Association for Advancement of Science's Science Magazine [2, 3, 4] . Subsequently observations by the Wilkinson Microwave Anisotropy Probe (WMAP) and the Sloan Digital Sky Survey confirmed the predominance of the new paradigmatic dark energy -this was the Breakthrough of the Year 2003 [5] . Such a background energy with negative pressure (to cause repulsion) is now called Dark Energy. Moreover the so called Large Number coincidences including the mysterious Weinberg formula are deduced in the author's original theory, rather than being miraculous coincidences. Although the concept of dark energy, is now taken for granted, its exact characterization is still a mystery. Very broadly there are two approaches.
One is the cosmological constant approach. The other is to identify dark energy with a scalar field, for instance quintessence. Such a field can also be associated with a particle, fundamental or composite. Tachyonic fields have also been considered [6, 7, 8] . For example we could consider an interaction of dark energy with a fermionic field, contained in dark matter, these fermions being neutrinos [9, 10] . Attempts have been made to formulate an equation of state for a dark energy fluid [11] . Questions have also been asked whether we have dissipative cosmology or conservative cosmology as a result [12] , while a generalized second law has also been studied [13] . The coincidence problem is also being studied viz., why the energy density of dark energy is roughly of the same order as a cosmological critical density [14, 15, 16 ].
The Cosmological Constant
As we will comment later, some latest observations rule out many dark energy models, but vindicate the cosmological constant. We now deduce the cosmological constant from the following point of view. In the author's work over the past decade and a half, it has been argued that spacetime is fuzzy, more generally non-differentiable. It has to be described by a noncommutative geometry with the coordinates obeying the following commutation relations [17, 18] 
where γ ∼ +2. It then follows that the usual energy momentum dispersion relations get modified and we get as shown some years ago instead the relation
(Cf.refs. [19, 20, 21] .) In the above l stands for a minimum fundamental length as in modern quantum gravity approaches like string theory or loop quantum gravity. This would be the Planck length or more generally a Compton wavelength. It will be noticed that if one neglects order of l 2 terms one returns to the usual quantum theory and quantum field theory. Furthermore it has been shown that (5) is valid for bosons or bosonic fields, whereas for fermions the extra term comes with a positive sign [19, 20, 22, 1] . Writing equation (5) as [23] 
where E ′ is the usual (i.e. old) expression for energy and E ′′ is the new modification term. We can easily verify that E ′′ is given by
In (6) m stands for the mass of the field boson. We identify this extra field with Dark Energy, which we stress is not the same as the usual fields that are encountered for example the electromagnetic field (These latter are given by the first two terms on the right side of (5)). We further use the fact that the photon mass or mass of a new super light boson is given by m ∼ 10 −65 gms (Cf.refs. [24, 25, 22] ). This is well below the latest experimental upper bound for the photon mass which is 10 −57 gm (Cf.ref. [26] ). A justification for this is the fact that this mass corresponds to exactly what has been observed in the cosmic microwave background (Cf.ref. [27] ). Finally as is well known the number of photons is roughly given by 10 90 , because as is well known the number density of photons in the cosmic microwave background is ∼ 400cm −3 [28] . So the cosmological constant, which is this new energy density is given by
R being the radius of the universe ∼ 10 28 cm and H being the Hubble constant. Indeed this was the value of the cosmological constant in the author's 1997 work [29, 30, 31] and given by (1) . We now return to dark energy, in the context of background neutrinos. In earlier communications it was shown, on the basis of the cold cosmic neutrino background, that we can consistently get the neutrino mass and other neutrino parameters [32, 33, 34] . The neutrino mass thus obtained is in agreement with the limits obtained from the SuperKamiokande experiments-and infact predicted these results [35] . One way of seeing this is to consider the cold Fermi degenerate gas [36] . We have as is well known
A simple way to deduce (8) is (Cf.ref. [36] ) to use the fact that in the ground state of a cold degenerate fermi gas the particles occupy the lowest possible energy levels and fill all levels up to the fermi energy e F , or alternatively, in momentum space the particles fill a sphere of radius p F . So we have, the number N of these particles is given by
As e F = p 2 F /2m, we find that p F must satisfy the condition and we get (8) . Feeding in the known neutrino parameter, viz., [37] N ∼ 10 90 we get from the above, the neutrino mass ∼ 10 −3 eV and the background temperature T ∼ 1
• K as KT is nothing but the Fermi energy e F . More recently there has been hope that neutrinos can also exhibit the ripples of the early Big Bang and in fact, Trotta and Melchiorri claim to have done so [38] . It may be mentioned that there is growing evidence for the cosmic background neutrinos [39] . The GZK photo pion process seems to be the contributing factor. With this background we try to extract the cosmological constant from the Fermi energy of the cold neutrino background. We use the well known expression
where M is the mass of the universe, R its radius ∼ 10 27 cm, and Λ is the cosmological constant. In fact the above expression for the cold background neutrino Fermi energy was used several years ago by Hayakawa [40, 41, 42] , without the cosmological constant, but by equating it to a suitable counter balancing gravitational force. From (10) we get, Λ = 10
This gives the correct order of the cosmological constant.
Dark Matter
We now touch upon this important matter. As is well known, it is believed that almost 23 percent of the material content of the universe consists of this: It is also history that F. Zwicky introduced the concept of dark matter more than seventy five years ago to account for the anomalous rotation curves of the galaxies [43, 22] . The problem was that according to the usual Newtonian Dynamics the velocities of the stars at the edges of galaxies should fall with distance as in Keplarian orbits, roughly according to
where M is the mass of the galaxy, r the distance from the centre of the galaxy of the outlying star and v the tangential velocity of the star. Observations however indicated that the velocity curves flatten out, rather than follow the law (12) . This necessitated the introduction of the concept of dark matter which would take care of the discrepancy without modifying Newtonian dynamics. However even after nearly eight decades, dark matter has not been detected, even though there have been any number of candidates proposed for this, for example SUSY particles, massive neutrinos, undetectable brown dwarf stars, even black holes and so on. Very recent developments are even more startling. These concern the rotating dwarf galaxies, which are satellites of the Milky Way [44, 45] . These studies throw up a big puzzle. On the one hand these dwarf satellites cannot contain any dark matter and on the other hand the stars in the satellite galaxies are observed to be moving much faster than predicted by Newtonian dynamics, exactly as in the case of the galaxies themselves. Metz, Kroupa, Theis, Hensler and Jerjen conclude that the only explanation lies in rejecting dark matter and Newtonian gravitation. Indeed a well known Astrophysicist, R. Sanders from the University of Groningen commenting on these studies notes [46] , "The authors of this paper make a strong argument. Their result is entirely consistent with the expectations of modified Newtonian dynamics (MOND), but completely opposite to the predictions of the dark matter hypothesis. Rarely is an observational test so definite." Even more recently, dark matter has been ruled out by the observational studies of the Kavli Institute in California, of the interaction of electrons at the galactic edge with star light [47] . Finally, even more recent studies conclude that dark matter content has been vastly over estimated [48] . Sawangwit and Shanks note that, apart from the fact that candidates for dark matter like weakly interacting massive particles have not been detected so far, the dark matter problem in the Coma cluster is a factor of a hundred less than when Zwicky first proposed it. This is due to the discovery of hot gas in rich galaxy clusters. This makes the dark matter content only a factor of between four and five as a discrepancy, rather than the original six hundred times. Even more recent mapping of the arrangement of galaxies around the Milky Way by Kroupa [49, 50] has revealed that they lie in a plane at right angles to the galactic disc. It is difficult to explain this arrangement with dark matter models. "We were baffled by how well the distributions of the different types of objects agreed with each other," according to Kroupa. "In the standard theories, the satellite galaxies would have formed as individual objects before being captured by the Milky Way. As they would have come from many directions, it is next to impossible for them to end up distributed in such a thin plane structure." Kroupa concludes by highlighting the wider significance of the new work.
"Our model appears to rule out the presence of dark matter in galaxies, threatening a central pillar of current cosmological theory. We see this as the beginning of a paradigm shift, one that will ultimately lead us to a new understanding of the universe we inhabit." We would like to point out that this could indeed be so, though not via Milgrom's ad hoc modified dynamics [51, 52, 22] , according to which a test particle at a distance r from a large mass M is subject to the acceleration a given by
where a 0 is an acceleration such that standard Newtonian dynamics is a good approximation only for accelerations much larger than a 0 . The above equation however would be true when a is much less than a 0 . Both the statements in (13) can be combined in the heuristic relation
In (14) µ(x) ≈ 1 when x >> 1, and µ(x) ≈ x when x << 1. It must be stressed that (13) or (14) are not deduced from any theory, but rather are an ad hoc prescription to explain observations. Interestingly it must be mentioned that most of the implications of Modified Newtonian Dynamics or MOND do not depend strongly on the exact form of µ.
It can then be shown that the problem of galactic velocities is now solved [51, 52, 53, 54, 55] . Nevertheless, most physicists are not comfortable with MOND because of the ad hoc nature of (13) and (14) . The alternative approach comes from a time varying Gravitational constant discussed in detail in [22] and references therein. In this approach we have
where T = t 0 + t is the age of the universe, t being a small incremental time.
We observe that this can be written as
Using (15), let us consider the gravitational potential energy V between two masses, m 1 and m 2 by:
where r 0 is the initial distance between the masses. After a time t this would be, by (15) ,
Equating (16) and (17) we get,
The relation (18) has been deduced by a different route by Narlikar [43] . From (18) it easily follows that,
as we are considering intervals t small compared to the age of the universe and nearly circular orbits. In (19) , a or the left side of (19) gives the new extra effect due to (15) and (18), this being a departure from the usual Newtonian gravitation. Equation (19) 
From (20) it follows that
So (21) replaces (12) in this model. This shows that as long as
Newtonian dynamics holds. But when the first term on the left side of (21) becomes of the order of the second (or greater), the new dynamical effects come in. For example from (21) it is easily seen that at distances well within the edge of a typical galaxy, that is r < 10 23 cms the usual equation (12) holds but as we reach the edge and beyond, that is for r ≥ 10 24 cms we have v ∼ 10 7 cms per second, in agreement with observation. In fact as can be seen from (21), the first term in the square root has an extra contribution (due to the varying G) which exceeds the second term as we approach the galactic edge, as if there is an extra mass, that much more. We would like to stress that the same conclusions will apply to the latest observations of the satellite galaxies (without requiring any dark matter). Let us for example consider the Megallanic clouds [57] . In this case, as we approach their edges, the first term within the square root on the right side of (21) or the left term of (22) already becomes of the order of the second term, leading to the new non Newtonian effects. The point is that the above varying G scheme described in (21) reproduces all the effects of General Relativity as shown elsewhere (Cf.ref. [22] ), as also the anomalous acceleration of the Pioneer space crafts in addition to the conclusions of MOND regarding an alternative for dark matter, and is applicable to the latest observations of satellite galaxies. The satellite galaxy rotation puzzle is thus resolved. We would like to point out that equations like (15) and those following are a direct result of the 1997 dark energy driven cosmological constant model of the author. That is, the dark matter from this point of view is the effective manifestation of dark energy itself.
Discussion
We comment that in considerations like those leading to (7), as pointed out, the "photon" could also be given the identity of a new super light boson, responsible for the cosmological constant or equivalently, to the accelerated expansion of the universe. According to recent studies in Europe, using a massive radio telescope in Germany, the most accurate measurement of the proton-to-electron mass ratio ever accomplished find that there has been no change in the ratio to one part in 10 million at a time when the universe was about half its current age, around 7 billion years ago. When University of Arizona astronomy professor Rodger Thompson put this new measurement into his calculations, he found that it excluded almost all of the dark energy models using the commonly expected parameters. The research Thompson completed showed that a popular alternative to Albert Einstein's theory for the acceleration of the expansion of the universe does not fit newly obtained data on a fundamental constant, the proton to electron mass ratio. Thompson's findings, reported Jan. 9 at the American Astronomical Society meeting in Long Beach, Calif., point to a new direction for the further study of its accelerating expansion. The acceleration can be explained by reinstating the "cosmological constant" into Einstein's theory of General Relativity. This seems to be the only explanation. Einstein originally introduced the term to make the universe stand still.
Furthermore the European Space Agency (ESA) has selected three NASAnominated science teams to participate in their planned Euclid mission, including one team led by NASA's Jet Propulsion Laboratory in Pasadena, Calif. NASA is a partner in the Euclid mission, a space telescope designed to probe the mysteries of dark energy and dark matter. Euclid is currently scheduled for launch in 2020. Euclid will observe up to two billion galaxies occupying more than one-third of the sky with the goal of better understanding the contents of our universe.
